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摘   要 
I 







分别自发还原在 FCNTs 和 GO 表面，研究其在电催化和无酶葡萄糖传感中的应
用；另外，利用简单的一锅法反应，将铂纳米花（PtNFs）通过乙醇还原修饰在
GO 表面，考察了其在电催化甲醇中的应用； 后，利用 GO 表面丰富的羧基与
二(2,2’-联吡啶)(5-氨基-1,10-邻菲咯啉)合钌(II) （Ru(II)-NH2）的氨基在偶联试剂






第二章，利用 PdCl42-和 FCNTs 之间的电位差，根据原电池自氧化还原原理，



























0.40 V 处，PdNPs-FCNTs（投料比 Pd:FCNTs=2:1）对葡萄糖有 好的电流响应，









通过一系列的优化条件之后，该无酶 ECL 葡萄糖传感器对葡萄糖的线性响应在 
0.5 到 40 μmol L-1 之间，线性相关系数为 0.9974，三倍信噪比的检测限达到 0.09 
μmol L-1。 
第五章，利用石墨烯大 π-π共轭体系对 PdNPs 独特的稳定作用，根据原电池
中自发氧化还原的原理，使 PdNPs 自发还原于 GO 表面。实验通过一系列的表
征并结合相关文献，初步研究了 PdNPs 在 GO 表面的生长机制。通过比较
PdNPs-GO 和商品化的钯/碳材料在酸性条件下对甲酸及碱性条件下对乙醇的电
催化行为，表明所制备的这种表面洁净，分散性能好的小尺寸 PdNPs 具有很好
的催化性能，对甲酸的催化电流峰达到 5.2 mA cm-2，约是商品化钯/碳（2.1 mA 
cm-2）材料的 2.6 倍，对乙醇的催化能力也达到了商品化钯/碳的 3 倍。 
第六章，利用乙醇为还原剂，通过简单的一锅法在 GO 上生长出三维的
PtNFs。通过 TEM，XRD 衍射能谱及 XPS 电子能谱等手段对得到的 PtNFs-GO
进行表征，结果表明，合成的 PtNFs 直径在 25 nm 左右，均匀地分布在 GO 表面。
通过比较 PtNFs-GO 和铂黑对甲醇的电催化行为，表明所制备的 PtNFs-GO 具有
很好的电催化性能，其正逆扫的催化电流峰之比达到 1.20， 较商品化铂黑（0.81）














摘   要 
III 
第七章，研究利用 GO 表面的羧基和 Ru(II)-NH2 的氨基，在偶联试剂的作用
下缩合形成酰胺键，将发光试剂 Ru(II)-NH2 固定在电极表面。实验通过 EDX 和
FTIR 对缩合反应后的产物进行了表征，并探讨了吸附上的 Ru(II)-NH2 和键合上
的 Ru(II)-NH2 的电化学行为和对 ECL 测定的影响。由于 GO 的开放性结构，增
加了电极的有效面积以及发光试剂 Ru(II)-NH2 的载量，该修饰电极对二丁基乙醇





















Carbon nanotubes and graphene are novel important carbon materials in the carbon 
family. As important composite materials of modified electrodes, they are used widely 
in many fields of electrochemistry. Noble metals such as Au, Ag, Pt, Pd and other 
expensive metals, their nanoparticles are possessed of excellent optical, electrical, 
magnetic and catalytic properties, which make them a very important class of 
nanomaterials. The studies in this thesis focus on the applications of functional carbon 
nanotubes (FCNTs) and graphene oxides (GO) in electrocatalysis, electrochemistry 
and electrochemiluminescence (ECL). First, we succeed in synthesizing Pd 
nanoparticles (PdNPs) on the surfaces of FCNTs and GO by a facile spontaneous 
redox method, respectively. Then, the composite materials were used in 
electrocatalysis and non-enzymatic glucose sensing. Moreover, through a simple 
one-pot reaction, Pt nanoflowers (PtNFs) were prepared on GO surfaces, which 
express excellent electrocatalytic activity in the methanol oxidation. In the last part, 
taking the advantage of carboxyl groups on GO surface, we constructed a novel ECL 
sensor based on covalently linking bis(2,2’-bipyridine)-5-amino-1,10-phenanthroline 
ruthenium(II) (Ru(II)-NH2) with GO on a glassy carbon electrode, which presented 
good characteristics in the detection of 2-(dibutylamino) ethanol (DBAE). 
This thesis includes seven chapters, and their main contents are summarized as 
follows:  
In chapter I, the development of nanomaterials, preparation of noble metal 
nanoparticles supported on carbon materials, applications of modified electrodes, 
progress and characteristics of non-enzymatic glucose sensor and ECL technique have 
been introduced. 
In chapter II, a novel material, PdNPs-FCNTs, was synthesized by a facile 
spontaneous redox method. The material reveals high electrochemical activity and 
excellent catalytic characteristic for the alcohol electrooxidation. The preparation 















defect sites on FCNTs. Morphologies of PdNPs-FCNTs were characterized by 
transmission electron micrograph. PdNPs-FCNTs with the best electrocatalytic 
characteristics were obtained under the condition as: the weight ratio of Pd to FCNTs 
was kept at 2:1, and the synthesis temperature was kept at 70 °C. The mechanism of 
ethanol electrooxidation on PdNPs-FCNTs electrode was also discussed in this 
chapter.  
In chapter III, a non-enzymatic electrochemical method was developed for glucose 
detection using an electrode modified with PdNPs-FCNTs. Based on the voltammetric 
and amperometric measurement results, PdNPs efficiently catalyzed the oxidation of 
glucose at 0.40 V in the presence of 0.2 M NaCl and showed excellent resistance 
towards the poisoning from such interfering species as ascorbic acid, uric acid, and 
p-acetamidophenol. This anti-poisoning ability was investigated through the  
analysis of the electrocatalytic products by in situ subtractively normalized interfacial 
fourier transform infrared reflection spectroscopy, and the results indicated that no 
strongly adsorbed COad species could be found in the oxidation products, which was 
obviously different from the results obtained using Pt-based electrodes. The results 
indicated that the proposed approach provided a highly sensitive and wide linear 
range method for the glucose determination, and promised the development of 
Pd-based material in non-enzymatic glucose sensing. 
In chapter IV, PdNPs-FCNTs were used in developing a non-enzymatic ECL sensor 
for glucose detection. Based on the ECL experimental results, the free radicals 
generated by glucose oxidation can react with luminol anion (LH-), and enhance ECL 
signal. Under the optimized conditions, the linear response of ECL intensity to 
glucose concentration was valid in the range from 0.5 to 40 μmol L-1 (r2 = 0.9974) 
with a detection limit (S/N = 3) of 0.09 μmol L-1. In addition, the modified electrode 
presented highly resistance towards the poisoning of chloride ion, high selectivity and 
long-term stability. In order to verify the sensor reliability, it was applied to the 
determination of glucose in glucose injection samples. The results indicated that the 
proposed approach provided a highly sensitive, more facile method with good 















In chapter V, ultrafine PdNPs monodispersed on GO surfaces were successfully 
prepared by the redox reaction between PdCl42- and GO. The as-made catalyst is 
readily “clean” due to the surfactant-free formation process, which makes them 
express high electrocatalytic ability in formic acid and ethanol oxidation comparing to 
commercial Pd/C catalyst. This simple and straightforward method is of significance 
for facile preparation metal nanocatalysts with high catalytic activity on proper 
supporting materials. 
In chapter VI, a nontoxic, rapid, one-pot, template-free synthesis of 
three-dimensional (3D) PtNFs with high yield and good size monodispersity 
supported on GO nanosheets was discovered. The key synthesis strategy used 
low-cost, green solvent ethanol as the reductant and an advanced, powerful 2D carbon 
material-GO nanosheet as a stabilizing agent. After the characterization, it was found 
that PtNFs supported on GO nanosheets were in a uniform size of 25 nm and each 
was composed of numerous small (4 nm) Pt nanoparticles, which revealed an 
unusually high activity for methanol oxidation reaction compared to the commercial 
Pt black. Furthermore, based on a systematic study of the PtNFs growth conditions, a 
possible mechanism especially the importance of ethanol and GO in the formation is 
proposed. This study demonstrates that GO is a promising support material for 
developing next-generation advanced Pt based fuel cells and their relevant electrodes 
in the field of energy.  
In chapter VII, a novel ECL sensor was studied based on covalently linking 
Ru(II)-NH2 with GO. 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride 
and N-hydroxy-succinimide were applied to activate the carboxyl groups on the GO 
surface and catalyze the formation of amido link between Ru(II)-NH2 and carboxyl 
groups on GO. The composite film was characterized using Fourier transform infrared 
absorption spectroscopy and energy-dispersive X-ray spectroscopy. Based on ECL 
experimental results, the composite film modified electrode displayed high 
electrochemical activity towards the oxidation of DBAE. Under optimized conditions, 
the linear response of ECL intensity to DBAE concentration was valid in the range 
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